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DETAILED ACTION 



Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
fomn the basis for the rejections under this section made In this Office action: 
A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

Claims 1,4-10,16-21,24,27-33,39-44,45,48-54 and 60-65 are rejected under 35 
U.S.C. 102(b) as being anticipated by Smith (6,347.359). 

As to claim 1 , Smith discloses a redundant array of inexpensive devices (RAID) 
comprising a controller and a plurality of storage devices for storing user data, the 
controller storing a plurality of RAID algorithms to be implemented for writing data to 
and reading data from the storage devices, a method for RAID conversion comprising: 

storing in the controller one or more rules for selecting a desired one of the 
plurality of RAID algorithms based on one or more conditions of the array (columns 4-5, 
lines 66-9); 

detecting the one or more conditions of the array (column 6, lines 8-10); 
selecting the desired RAID algorithm based on the detected conditions and the 
stored rules (column 6, lines 8-16); and 
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when the desired RAID algorithm is different from the RAID algorithm currently 
implemented in the array, converting the array from the currently implemented RAID 
algorithm to the desired RAID algorithm (column 6, lines 16-26). 

As to claim 24, Smith discloses redundant array of inexpensive devices (RAID) 
system comprising: 

a plurality of n storage devices for storing user data thereon (Figure 1.102, 
column 4, lines 15-19); and 

a controller connected to the storage devices for controlling writing and reading 
data to and from the storage devices according to a RAID algorithm (Figure 1.106, 
columns 4-5, lines 66-9), 

the controller storing a plurality of RAID algorithms to be implemented for writing 
data to and reading data from the storage devices (column 5, lines 6-9), 

the controller further storing one or more rules for selecting a desired one of the 
plurality of RAID algorithms based on one or more conditions of the array (column 5, 
lines 1-6), 

the controller having stored program instructions or a logic circuit operable to 
detect the one or more conditions of the array, to select the desired RAID algorithm 
based on the detected conditions and the stored rules, and when the desired RAID 
algorithm is different from the RAID algorithm currently implemented in the array, to 
convert the array from the currently implemented RAID algorithm to the desired RAID 
algorithm (column 5, lines 1-9 & column 6, lines 16-26). 
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As to claim 45, Smitli discloses computer program product comprising a 
computer usable medium having a computer readable code embodied therein for 
controlling a redundant array of inexpensive devices (RAID), the RAID comprising a 
controller and a plurality of storage devices for storing user data, the controller storing a 
plurality of RAID algorithms to be implemented for writing data to and reading data from 
the storage devices, the computer program product comprising: 

first computer readable program code configured to cause the controller to 
storing one or more rules for selecting a desired one of the plurality of RAID algorithms 
based on one or more conditions of the array (columns 4-5, lines 66-9); 

second computer readable program code configured to cause the controller to 
detect the one or more conditions of the array (column 6, lines 8-10); 

third computer readable program code configured to cause the controller to 
select the desired RAID algorithm based on the detected conditions and the stored rules 
(column 6, lines 8-16); and , 

fourth computer readable program code configured to cause the controller to, 
when the desired RAID algorithm is different from the RAID algorithm currently 
implemented in the array, convert the array from the currently implemented RAID 
algorithm to the desired RAID algorithm (column 5, lines 1-9 & column 6, lines 16-26). 

As to claims 4,27 and 48, Smith discloses the method wherein the desired RAID 
has fewer storage devices storing user data than the currently implemented RAID 
(column 8, lines 19-21). 



h 
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As to claims 5,28 and 49, Smitli discloses the method wherein the desired RAID 
has more storage devices storing user data than the currently implemented RAID 
(column 6, lines 33-35). 

As to claims 6,29 and 50, Smith discloses the method wherein the conditions 
include the current capacity utilization of the array (column 5, lines 18-22). 

As to claims 7,30 and 51, Smith discloses the method wherein the conditions 
include a performance requirement (column 6, lines 4-7, RAID 0 provides the best 
performance). 

As to claims 8,31 and 52, Smith discloses the method wherein the conditions 
include a change in the number of available storage devices in the array (column 4, 
lines 57-62). 

As to claims 9,32 and 53, Smith discloses the method wherein the conditions 
include a decrease in the number of available storage devices in the array (column 4, 
lines 57-62). 

As to claims 10,33 and 54, Smith discloses the method wherein the conditions 
include an increase in the number of available storage devices in the array (column 4, 
lines 57-62). 

As to claims 16,39 and 60, Smith discloses the method wherein at least some of 
the RAID algorithms stored in the controller are characterized by a number of storage 
devices in the array (n), and a device-loss insurance level (m) such that when up to m 
devices of the array are unavailable, user data is fully recoverable from. the remaining n- 
m devices, where 1^m<n, and wherein the selecting step determines desired n and m 



ii 
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values based on the detected conditions and the stored rules (columns 1-2, lines 33-20 
& column 3, lines 9-13). 

As to claims 17,40 and 61, Smith discloses the method wherein the device-loss 
insurance level of the desired RAID is greater than the device-loss insurance level of 
the currently implemented RAID (column 6, lines 33-35). 

As to claims 18,41 and 62, Smith discloses the method wherein the device-loss 
insurance level of the desired RAID is less than the device-loss insurance level of the 
currently implemented RAID (column 8, lines 19-21). 

As to claims 19,42 and 63, Smith discloses the method wherein the condition is a 
decrease in the number of available storage devices in the array and the desired RAID 
after conversion has the same device-loss insurance level as the cun'ently implemented 
RAID (columns 7-8, lines 67-7). 

As to claims 20,43 and 64, Smith discloses the method wherein the condition is a 
decrease In the number of available storage devices in the array and the desired RAID 
after conversion has a lower device-loss insurance level than the currently implemented 
RAID (column 8. lines 19-21). 

As to claims 21,44 and 65, Smith discloses the method wherein the rules define 
a maximum device-loss insurance level and a minimum device-loss Insurance level for 
a given n value, and one or more conditions based on which a desired device-loss 
insurance level is detemnined, the desired device-loss insurance level falling between 
the maximum and minimum device-loss insurance levels (Figure 2, columns 1-2, lines 
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33-20). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which fomis the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
Invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co,, 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

Claims 2.3,22,23,25,26,46 and 47 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Smith taken in view of Uysal (6,922,752). 

As to claims 2,25 and 46, Smith discloses the method wherein the converting 
step comprises: 

(a) reading a unit of user data from the storage devices according to the currently 
implemented RAID algorithm (column 3, lines 9-14); and 
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(c) writing user data on appropriate storage devices according to the desired 
RAID algorithm (column 3, lines 9-14). 

Smith fails to disclose the step (b) defining a watermark indicating the position 
where the data is read from the current RAID. 

Uysal discloses a computer storage system including a controller and a storage 
array (Abstract, lines 1-2). Uysal discloses reconstructing data to a spare storage disk - 
(column 5, lines 58-62). Uysal does disclose step (b) defining a watermark indicating 
the position where the data is read from the current RAID (column 6, lines 1-2). 

It would have been obvious to one of ordinary skill In this art at the time of 
invention by applicant to include Uysal's method of defining a watermark indicating the 
position where the data is read from the current raid with Smith's RAID conversion. A 
person of ordinary skill in the art would have been motivated to implement the 
watermark to keep track of the progress of the reconstruction and allow asynchronous 
reading and writing in the background (Uysal: column 6, lines 3-6). 

As to claims 3,26 and 47, Uysal discloses the method further comprising: 
alternating between perfonning steps (a), (b) and (c), and processing user I/O requests 
(column 6, lines 3-5). 

As to claim 22, Smith discloses a redundant array of inexpensive devices (RAID) 
comprising a controller and a plurality of storage devices for storing user data, the 
controller storing a plurality of RAID algorithms to be implemented for writing data to 
and reading data from the storage devices, wherein at least some of the RAID 
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algorithms are characterized by a number of storage devices In the array (n), and a 
device-loss insurance level (m) such that when up to m devices of the array are 
unavailable, user data is fully recoverable from the remaining n-m devices, where 
1:Sm<n, a RAID conversion method comprising: 

implementing a first RAID algorithm on the array (column 4, lines 15-38); 

selecting a second RAID algorithm characterized by a number of storage devices 
n2 and a device-loss insurance level m2, n2 and m2 being selectable (column 5, lines 
1-9); 

and converting the array from the first RAID algorithm to the second RAID 
algorithm, the converting step comprising: 

(a) reading a unit of user data from the storage devices according to the first 
RAID algorithm (column 3, lines 9-14); and 

(c) writing user data on appropriate storage devices according to the second 
RAID algorithm (column 3, lines 9-14). 

Smith fails to disclose the step (b) defining a watermark indicating the position 
where the data is read from the current RAID. 

Uysal discloses a computer storage system including a controller and a storage 
array (Abstract, lines 1-2). Uysal discloses reconstructing data to a spare storage disk 
(column 5, lines 58-62). Uysal does disclose step (b) defining a watermark indicating 
the position where the data is read from the current RAID (column 6, lines 1-2). 

It would have been obvious to one of ordinary skill in this art at the time of 
invention by applicant to include Uysal's method of defining a watemnark indicating the 
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position where the data is read from the current raid with Smithes RAID conversion. A 
person of ordinary skill in the art would have been motivated to implement the 
watermark to keep track of the progress of the reconstruction and allow asynchronous 
reading and writing in the background (Uysal: column 6, lines 3-6). 

As to claims 23, Smith discloses the method of claim 22, wherein the writing step 
includes writing updates to a semi-permanent cache (column 4, lines 35-38). 

Claims 11,12,34,35,55 and 56 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Smith taken in view of Anderson (2002/0059539). 

As to claims 1 1 ,34 and 55, Smith discloses a method for RAID conversion 
comprising a redundant array of inexpensive devices (RAID) comprising a controller and 
a plurality of storage devices for storing user data, the controller storing a plurality of 
RAID algorithms to be implemented for writing data to and reading data from the 
storage devices, storing in the controller one or more rules for selecting a desired one of 
the plurality of RAID algorithms based on one or more conditions of the array (see claim 
1 rejection). Smith fails to disclose wherein the conditions include a measure of data 
criticality of the user data. 

Anderson discloses a data reconstruction system for a data storage device 
(Abstract, lines 1-2). Anderson does disclose wherein the conditions include a measure 
of data criticality of the user data (Page 1 , t[ 0014). 

It would have been obvious to one of ordinary skill in this art at the time of 
invention by applicant to include Anderson's condition of a measure of criticality of the 
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user data with Smith's current conditions. A person of ordinary skill in the art would 
have been motivated to include the condition of criticality because this allows the users 
more critical data to have a higher degree of redundancy (Anderson: Page 1. 1|0014, 
lines 3-5). 

As to claims 12,35 and 56, Smith discloses a method for RAID conversion 
comprising a redundant array of inexpensive devices (RAID) comprising a controller and 
a plurality of storage devices for storing user data, the controller storing a plurality of 
RAID algorithms to be implemented for writing data to and reading data from the 
storage devices, storing in the controller one or more rules for selecting a desired one of 
the plurality of RAID algorithms based on one or more conditions of the array (see claim 
1 rejection). Smith fails to disclose wherein the conditions include a measure of recency 
and repetition of the user data. 

Anderson discloses a data reconstruction system for a data storage device 
(Abstract, lines 1-2). Anderson does disclose wherein the conditions include a measure 
of recency and repetition of the user data (Page 15. 110196, lines 1-3). 

It would have been obvious to one of ordinary skill in this art at the time of 
invention by applicant to include Anderson's condition of a measure of recency and 
repetition of the user data with Smith's current conditions. A person of ordinary skill in 
the art would have been motivated to include the condition criticality because this allows 
the users more critical data to have a higher degree of redundancy (Anderson: Page 1, 
110014, lines 3-5 & Page 15. 110195. lines 1-4). 
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Claims 13,36 and 57 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Smith taken in view of Belhadj (6,516,425). 

As to claims 13,36 and 57, Smith discloses a method for RAID conversion 
comprising a redundant array of inexpensive devices (RAID) comprising a controller and 
a plurality of storage devices for storing user data, the controller storing a plurality of 
RAID algorithms to be implemented for writing data to and reading data from the 
storage devices, storing in the controller one or more rules for selecting a desired one of 
the plurality of RAID algorithms based on one or more conditions of the array (see claim 
1 rejection). Smith fails to disclose wherein the conditions include a measure of 
vulnerability of the storage devices. 

Belhadj discloses a method of managing data in a hierarchical data storage 
system employing data redundancy schemes (Abstract, lines 1-4). Belhadj does 
disclose wherein the conditions include a measure of vulnerability of the storage 
devices (column 5, lines 40-45). 

It would have been obvious to one of ordinary skill in this art at the time of 
invention by applicant to include Belhadj's condition of vulnerability of the storage 
device with Smith's current conditions. A person of ordinary skill in the art would have 
been motivated to include the condition of vulnerability because this minimizes the 
probability of data loss during a rebuild in a RAID system (Belhadj: column 5, lines 19- 
23). 
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Claims 14,15,37,38.58 and 59 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Smith taken in view of Schultz (6,058,489). 

As to claims 14,37 and 58, Smith discloses a method for RAID conversion 
comprising a redundant array of inexpensive devices (RAID) comprising a controller and 
a plurality of storage devices for storing user data, the controller storing a plurality of 
RAID algorithms to be implemented for writing data to and reading data from the 
storage devices (see claim 1 rejection). Smith fails to disclose wherein the converting 
step is performed on line. 

Schultz discloses a system for performing reconfiguration of a disk array 
(Abstract, lines 1-2). Schultz does disclose wherein the converting step is performed on 
line (column 2, lines 41-43). 

It would have been obvious to one of ordinary skill in this art at the time of 
invention by applicant to include Schultz*s method of on line converting with Smith's 
RAID conversion. A person of ordinary skill in the art would have been motivated to 
include the step of converting on line because the data on the disk array would be still 
available to the user during the converting step (Schultz: column 2, lines 8-11). 

As to claims 15,38 and 59, Smith discloses a method for RAID conversion 
comprising a redundant array of inexpensive devices (RAID) comprising a controller and 
a plurality of storage devices for storing user data, the controller storing a plurality of 
RAID algorithms to be implemented for writing data to and reading data from the 
storage devices (see claim 1 rejection). Smith fails to disclose wherein the converting 
step is performed off line. 
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Schultz discloses a system for performing reconfiguration of a disk array 
(Abstract, lines 1-2). Schultz does disclose wherein the converting step is perfomied off 
line (column 2, lines 2-3). 

It would have been obvious to one of ordinary skill in this art at the time of 
invention by applicant to include Schultz's method of off line converting with Smith's 
RAID conversion. A person of ordinary skill in the art would have been motivated to 
include the step of converting off line because this allows for the reconfigure process to 
add new disk drives to form a larger logical volume (Schultz: columns 1-2, lines 66-2). 



Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Charles Ehne whose telephone number is (571)-272- 
2471. The examiner can normally be reached on Monday-Friday 8:30-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Robert Beausoliel can be reached on (571)-272-3645. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 
273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status Information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



